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In the frame of an ESA TRP project, our consortium has investigated the possibility to use advanced 
manufacturing methods for application to space hardware. After a review of the state of the art of the new 
manufacturing methods, including additive manufacturing but also advanced bonding, joining and shaping 
techniques, several case studies have been realized. These new techniques imply a different approach already at the 
design phase since the manufacturing constraints can be completely different. The goal of the project was to evaluate 
the different technologies from the design to the realization and learn how the classical design and development of 
such parts shall be adapted to take into account the different specificities of the new techniques. Three types of case 
studies have been developed successively.  The first type was a re-manufacture of an existing piece of hardware 
using advanced techniques to evaluate if there is some potential improvement to be achieved (cost, production time, 
complexity reduction).  The second level was to design and manufacture a part based on the application 
requirements.  The last level was to design and manufacture a part taking into account in addition the subsystem to 
which it belongs. All case studies have been tested in terms of achieved performances and resistance to the 
mechanical and thermal environment.  For each level, several case studies were proposed by ALMASpace and TAS-
F and a pre-selection was performed to verify the feasibility and the interest of the proposed part for the project.  For 
the first 2 levels, the 2 selected case studies have been designed, built and tested.  A single case study was built for 
last level. The cases studies of level one were an aluminium inertial wheel housing (using electron beam welding to 
connect simple machined parts) and a mechanism housing fully made by additive manufacturing (electron beam 
melting of Titanium).  The ones of level two were an aluminium tray for nanosatellite structure  (assembled by  salt  
dip  brazing) and  an  antenna support  bracket (designed   by topological optimization  and  manufactured by laser  
beam  melting of aluminium).  The third level case study is a Sun Sensor for nanosatellite designed by topological 
optimization and including electronic circuit (optical detector and proximity electronic) deposited by aerosol jet 
printing directly on the aluminium structure. All case studies have been manufactured and tested and all part 
manufactured, despite including some imperfections, fulfilled all performance requirements. 
 
I. INTRODUCTION 
Founded on the background of sintering 
manufacturing and powder metallurgy processes, for 
less than two decades, Additive Manufacturing 
techniques (AM) allow making parts by stacking thin 
layers of materials one upon the other instead of 
removing large portions off a bulk block.  
Many new manufacturing technologies matured to a 
level compatible with demanding applications such as 
those of the space sector. Beside these Additive 
Manufacturing Technologies, other appealing 
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technologies allow joining using low energy levels 
compared with conventional welding or brazing; this is 
the case of friction stir welding or magnetic pulse 
welding. More material processing technologies exist 
allowing shaping complex forms starting from a sheet of 
material. 
The benefits brought by these new approaches are 
broadly documented, especially for industrial sectors 
other than space, however so far they are not exploited 
to the full extent for space applications where the 
potential benefits from the additional design freedom 
could have a foremost impact at system level in terms of 
mass, cost, lead time and environmental impact. This 
impact must nevertheless be better understood and 
quantified.  
 The above manufacturing technologies are on paper 
indeed extremely well suited to space hardware as they 
allow conceiving “made to measure” hardware at an 
affordable cost. However, it is still extremely 
challenging using those as, to maximize the potential 
benefit they can bring, their implementation within a 
manufacturing chain has to be better understood. 
ESA awarded to a consortium composed of CSL 
(Be), Sirris (Be), TAS-F (Fr) and Alma-Space (I) a 
Basic Technology   Research   Programme   (TRP)   
contract aiming   at   studying   capabilities   offered   by   
these advanced  manufacturing  technologies  and  
addressing the end-to-end manufacturing process, 
starting from early design phase till functional testing of 
the part. To do so, three levels of part design complexity 
have been considered: 
Level 1: part design individually optimized i.e. 
slightly modifying a conventional design 
Level 2: part design driven by the application 
requirements, i.e. designing the part and the 
manufacturing flow-chart together to maximize the part 
performances. 
Level 3: part design driven by the subsystem to 
which it belongs, i.e. designing the part and the 
manufacturing flow-chard together to maximize the sub-
system performances. 
The experience acquired on lower part complexity 
was perused and fully taken into account while 
designing the level 2 and level 3 parts. The 
complementary expertise of the partners including 
materials & processes engineers, system engineers, 
designers and end-users was also used to maximize the 
performances of the parts. The new and conventional 
manufacturing technologies were combined also toward 
the same objective. 
 
II. STATE OF THE ART OF ADVANCED 
MANUFACTURING METHODS 
This first step of the project has been to summarize 
the progress made in different manufacturing 
technologies and to present them to the partners implied 
in the project. 
The first techniques reviewed were the metal 
additive technologies. These techniques are mainly 
based on the building of a part layer-by-layer. At each 
step, a layer of powder (or paste or liquid) is set on the 
already built part and a power source (laser, electron 
beam) locally melts the new layer that connects to the 
previous one. This process is repeated for the full 
construction. In the recent years, direct metal 
manufacturing has become possible and this allows 
reaching densities and properties close to standard 
materials. New techniques by laser or electron beam 
melting (LBM or EBM) allow direct melting of the pure 
metallic powder and realization of a final part. 
Another method reaching good level of maturity is 
the laser cladding in which the metallic powder is 
directly injected on the part in parallel with the laser 
beam. This avoids the use of powder bath and allows 
building in three dimensions. This method is used to 
repair parts by adding material locally. This is 
extensively tested for maintenance of turbine blades. 
Another technique investigated is the aerosol jet 
printing. This technique is used to locally “print” 
different types of coating on the surfaces. The material 
to be printed is accurately projected on a surface then 
directly sintered by a laser. The technology allows 
deposition of various types of materials, only depending 
on its viscosity and its ability to be transformed in 
droplets. This technique has the advantage to only 
locally heat the substrate to avoid damages. Adequate 
control system also allows printing on non-flat surfaces 
(2 ½ D). 
The joining and welding techniques have been 
reviewed. The advanced techniques identified are the 
friction stir welding, laser welding, electron beam 
welding. 
In the frame of the project, salt dip brazing has also 
been used. In this technique, applicable to aluminium 
alloys, parts are assembled and junctions are covered 
with a paste filled with a different alloy. The assembly 
is then dipped in a salt bath in order to melt the filled 
paste and allow the filler metal to enter the junction and 
ensure good mechanical connection of the parts. 
 
III. LEVEL-1 CASE STUDIES 
 
III.I  Structural Case for Space Mechanism 
This piece is the main part of the SADM (Solar 
Array Drive Mechanism). This structural part received 
the different components equipping the mechanism. In 
the front side are mounted the balls bearing and the 
potentiometer, in the back side the collector and the 
stepper motor. The piece is strongly mechanically 
loaded because it makes the link between the solar 
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A full test sequence is still running and we hope that 




This paper presents the work performed in the frame 
of this TRP from ESA. The goal was to review 
advances in the manufacturing methods and to apply 
them to different case studies in order to evaluate on 
real cases how these new techniques shall be 
implemented and what would be the impact on the way 
we are designing and manufacturing for space. 
The tested techniques are the electron beam welding 
of aluminium alloy, the electron beam melting of 
titanium alloy, the laser beam melting of stainless steel, 
the laser beam melting of aluminium alloy, the salt dip 
brazing of aluminium alloy and the aerosol jet printing. 
These case studies were quite fruitful in lessons 
learnt. The major ones are the following. First, it is 
required to redefine the design phase in order to forget 
the automatisms of the standard manufacturing rules to 
only specify the important interfaces and tolerances. 
Secondly, the advanced manufacturing methods will not 
suppress the classical methods. In all cases, we had to 
post-machine the parts to ensure correct final 
dimensions and surface aspect. As a consequence, the 
manufacturing strategy has to be defined and taken into 
account as soon as the design phases to ensure that the 
final definition of the part can be reached at the end of 
all the manufacturing steps (reference holes, alignment 
planes…). The use of advanced manufacturing methods 
still relies strongly on the technology providers 
(manufacturer) who have developed a strong experience 
with their production tools. Finally the fact that we 
could work as a team implying the customers, the 
designers and the manufacturers improved largely the 




1. RP-CSL-AMM-12001, Manufacturing and test 
report for mechanism housing 
2. RP-CSL-AMM-12002, Manufacturing and test 
report for wheel housing 
3. RP-CSL-AMM-12003, Manufacturing and test 
report for antenna support 
4. RP-CSL-AMM-12004, Manufacturing and test 
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